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conductor 1s narrower than that of the second in-plane

CPC ........... HO1L 23/49838; HO1L, 23/5389; HO1L conductor.
24/19; HO1L 2224/04105;
(Continued) 20 Claims, 10 Drawing Sheets
1, 1a, 1b
6cl u(ff
7a 5bi 7a 7b 7c
6al 4 4 4 4 4 6al /| 6bi el
Ba 33 ~
7b - -
6b
7C . qc >—2
B¢ >
7d Bd 3d
3e -
Te | fe e
5 6el ¥ 5 5 5
; 7d 7d

6d1, 6d2, 6d3, 6d4

6d1, 6d2, 6d3, 6d4

6dl1, 6d2, 6d3, bd4



US 10,231,331 B2

Page 2
(52) U.S. CL 2014/0176254 Al 6/2014 Iida
CPC ..., HO5K 2201/0969 (2013.01); HOSK 2014/0209356 A1* 7/2014 Sakai ..................... HOSK 1/115
2201709227 (2013.01); HOSK 2201/09727 174/251
(2013.01); HOSK 2201/09781 (2013.01) 2015/0223318 Al* 82015 Sakamoto ........... HO5K 1/0206
: N | 361/717
e s e arancr fi1 2015/0311232 AL* 102015 Sun v GO2F 1/136227

257/72

2224/92244; HO1L 2924/12042; HOIL
2924/15153; HO1L 2924/18162; HOSK
1/02; HOSK 1/0298; HO5SK 1/11; HOSK
1/115; HOSK 1/182; HOSK 1/185; HOSK

FOREIGN PATENT DOCUMENTS

JP H06-334351 A 12/1994
3/4682; HO5K 2201/09227; HOSK TP H07-106159 B2 11/1995
2201/0969; HOSK 2201/09727; HOSK JP H11-261204 A 9/1999
2201/09781; Y10T 29/49126; Y10T JP H11-346057 A 12/1999
29/49165; Y10T 428/24322 s_llj %gggégégéi’ i %88%
USPC S R ITI IS 174/262, 26!; 361/761 P 2005-044088 A /9005
See application file for complete search history. TP 2006-352347 A 12/2006
JP 2007-165680 A 6/2007
(56) References Cited JP 2008-186919 A 8/2008
JP 2010-199109 A 9/2010
U.S. PATENT DOCUMENTS JP 2011-009694 A 1/2011
P 2013-102047 A 5/2013
6,924,245 B2 82005 Sakamoto P 2013-191678 A~ 9/2013
8,110,749 B2  2/2012 Yoshimura et al. WO 2010/010910 Al 1/2010
2003/0029636 Al* 2/2003 Carpenter ............. HO5K 1/115 WO 2011/058879 Al 5/2011
174/960 WO 2011/089936 Al 7/2011
2007/0175657 Al* 82007 Ttoh .ocovevvrereee... HOSK 1/0271 WO 2013/114974 Al 82013
1747260 WO 2013/058351 A1 4/2015
2008/0233370 Al*  9/2008 Nakao .................. GO1L 1/2287
| 428/210 OTHER PUBLICATTONS
2012/0300425 Al* 11/2012 Nakashima ....... HO1L. 23/49838

3017761 Written Opinion 1ssued i Application No. PCT/JP2014/079553

N .

2013/0069238 Al* 3/2013 Usami ............... HO1I. 21/76897 dated Jan. 6. 2015,
257/769 . L . .

2013/0119562 Al* 5/2013 Shimizu .oovcveveveon... HO1T. 23/48 Notice of Reasons for Rejection issued in Japanese Patent Appli-
157/782 cation No. 2015-549070 dated Apr. 4, 2017.

2014/0097009 Al* 4/2014 Kaneko ............. HO1L 23/49822

174/258 * cited by examiner



US 10,231,331 B2

¥P9 "¢PO "ZP9 'IPY
¥PO €P9 CPO LIPS

p/ D/ FPO PO ¢PY IPY

S S S S og S
9/ B/ o/

= - o~ % %7/
S A NN 7
— be V/ N ///IRWM%&H NIl 09
\ L S L N
% e~ R A A A A s a

T NI N N NV NI 77777 e
m,. 199 199 19 v {7 ¥ 14 Av =9
v 2L qL e/ 199 -¥3
. 120
m ql e 'L \,

=

U.S. Patent



U.S. Patent Mar. 12, 2019 Sheet 2 of 10 US 10,231,331 B2

FIG. 2
7d
/e h Se
od1
FIG. 3

v /

7d /6

> - — |

6cl



U.S. Patent Mar. 12,2019  Sheet 3 of 10 US 10,231,331 B2

FiG 4
1a
6d? /
7d
7e Je
10a
1a
6d2 /
7d
FIG. 5A
%
A3
70 ~: B H B § e
10b 10b 10b 100b 10b 10b 10b 10b
1a
6d2 \/
7d
FIG. 5B <
Ry
S
Wy
RN A W ‘Q\;
e

10¢ 10c 10c 10c 10¢ 10c 10c 10c



U.S. Patent Mar. 12, 2019 Sheet 4 of 10 US 10,231,331 B2

FIG 6
| 6d3
e /1b
7d
7e -
F\Se
6d4
W4
FIG. 7
1b
W5 6d5 11 11 /
7d
. ':--
e
W6

1 11 11 11 6d6b



US 10,231,331 B2

Sheet 5 of 10

Mar. 12, 2019

U.S. Patent

2/
ol
il

Pt

>

qt

..r.ﬂm_u

199G

! 1T 19T Y 110 Y 0 1 B 0 0 | N L Y —~ PL

R A A A Y Y Z Ry

lllllllllllllllllllllllllllllllllll

199 |EG | ¥ . i 5 b BQ
QL B/ B/

\, 199
o] L9

8 9Ol



US 10,231,331 B2

Sheet 6 of 10

Mar. 12, 2019

U.S. Patent

el
3L

(A
|9E

PE

oF

q€

ey

IP9 I°9 199
1PO
S 3L S 5 5
oo
e v 22 2 eioss o s 22 222 75

__..
/

PL
VL

S

Pl

149

LEG LED
14 4 14 v 14

e/ 199 =L

'} /AEEEISIEEEN. INNEE HEEEEEYS EEEEEE

6 9Ol

A YA

1L
PO

29
99
€9

PL
oL

AL



US 10,231,331 B2

Sheet 7 of 10

Mar. 12, 2019

U.S. Patent

a
v oL 3, “F PO
3
L G S m/ g , S _ y
1R N N o N A A AN o L
Sy T N P ITEN R T NN =3 =S O
AL A I I N T NI NN I
199
o - b h AN
199
e/ °L
m—u\
O} Ol



US 10,231,331 B2

Sheet 8 of 10

Mar. 12, 2019

(" °g

PE

4>

qg

UL

IP9 129 199
P9

S S

bﬂﬂﬂr A.ﬁ

N2 000
.W.“,% \..s.\%u

“.““‘ﬁ‘.‘.‘“

/////? ///{// //A& {g
NN )

LeS

PL 199 1eg
o/ as

199 €L

U.S. Patent

S

31

L DI



US 10,231,331 B2

Sheet 9 of 10

Mar. 12, 2019

U.S. Patent

7

MM E

NNNNZZZ AN ST T T > l\ﬂl_\._,ls-fvvurvvg;

_.n_m. _.mm _.mw
VL 4L ~

¢l Old

P9
29
q9

PL

— 9

AL



US 10,231,331 B2

Sheet 10 of 10

Mar. 12, 2019

U.S. Patent

PEOL
°goL og0L~_PLOL
R $E01 €01 101 0|1 JE0L $£01L §201
5201 ¢olL_sjzar /120 320L | 201 ( s20L 1201
moSN\NIL N N /8 N N/ N
i AN 4 R A S
TOL Y Ppiot ¥ /N N/N NN W XA
SLOL ™ A A N Db O] T OM] LA JE O 804
S T [N N7 ™ Swn. iy Wit wpp) reen. Qut ™ DI 1 QPee * gramn. - S
BLOI A/ X | b AL A AL\ XN WO AL NN N
o0’ / 9ol
o201 520 Q2oL

82011 ®20L\ B20l |®20L! e20L\ 220} 820!
\ g 200 1 BEQL ®EOL ©BEOL BEQ) ®©E0L cE01

00L

1V ¥OId e1 'Ol

qe01L

€01

9201
egoL

P20l

2201



US 10,231,331 B2

1

MULTILAYER WIRING BOARD AND PROBE
CARD HAVING THE SAME

BACKGROUND

Technical Field

The present disclosure relates to a multilayer wiring board
including in-plane conductors and via conductors therein,
and to a probe card including such a multilayer wiring board.

As the mimaturization of electronic devices progresses,
multilayer wiring boards 1n which three-dimensional wiring
structures can be formed are being widely employed as
wiring boards for forming electric circuits. For example,
Patent Document 1 discloses a multilayer wiring board used
in a probe card for mspecting the electrical characteristics of
an IC or the like. As 1llustrated 1n FIG. 13, this multilayer
wiring board 100 includes a multilayer body 104 constituted
by laminating together a plurality of msulating layers 101a
to 101/, each of which 1s formed from a ceramic material.
In-plane conductors 102a to 102/ are formed 1n main sur-
taces of the insulating layers 101a to 101/, respectively, and
pluralities of via conductors 103a to 103/ that connect
predetermined 1n-plane conductors 102a to 102/ disposed in
mutually different insulating layers 101aq to 101/ to each
other are also formed 1n the insulating layers 101a to 101/,
respectively.

Here, the m-plane conductors 102a formed on an upper
surface of the multilayer body 104 are used as electrodes for
connecting a probe pin, and the in-plane conductors 102f
formed on a lower surface of the multilayer body 104 are
used as electrodes for an external connection. The pitch of
the via conductors 103a to 103/ formed 1n corresponding,
insulating layers 101a to 101/ widens as the layers progress
from a top layer to a bottom layer, and a rewiring structure
1s Tormed 1n the multilayer wiring board 100. The multilayer
wiring board 100 1s made smaller by forming the wires
provided in the multilayer wiring board 100 1in both a planar
direction and a layering direction of the multilayer body 104.

Patent Document 1: Japanese Unexamined Patent Appli-
cation Publication No. 2011-9694 (see paragraph 0021, FIG.

1, and so on)

BRIEF SUMMARY

Incidentally, the stated conventional multilayer wiring
board 100 1s manufactured by stacking the insulating layers
101a to 101/ formed from a ceramic material 1n a predeter-
mined order and then pressure bonding/firing those layers
together. Here, there are cases where the pressure applied
during the pressure bonding/firing causes the in-plane con-
ductors 1024 to 102/ connected to the via conductors 103 to
be pressed by the via conductors 103 and separate from the
isulating layers 101a to 101/

For example, as illustrated in FIG. 13, of the in-plane
conductors 102¢ located on the side of the 1in-plane conduc-
tor 102/ (outer electrode) one layer thereabove, which 1s
formed in the lower surface of the lowermost insulating
layer 101/, the in-plane conductor 102¢ located on a left end
in the diagram 1s connected to the via conductor 103/ on the
lower layer side at that end side, and 1s connected to the via
conductor 103¢ on the upper layer side at the other end side.
In a configuration where the in-plane conductors 102¢, the
via conductors 103e, and 103/ are disposed in this manner,
the 1m-plane conductors 102¢ will be pushed upward by the
via conductors 103/ on the lower layer side and will be
pushed downward by the via conductors 103e on the upper
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layer side during the pressure bonding/firing. Push-up and
push-down stress by the via conductors 103¢ and 103/

makes 1t easy for the m-plane conductors 102¢ to deform.

Stress produced by the deformation of the mn-plane con-
ductors 102e acts on close-contact borders between the
in-plane conductors 102¢ and the insulating layer 101e (or
the insulating laver 101f) that makes close contact with the
in-plane conductors 102e, which makes i1t easy for the
in-plane conductors 102e¢ to separate from the insulating
layer 101e (or the insulating layer 101f). This push-up and
push-down stress of the via conductors 103a to 103/ 1s
weaker toward the mner layers, and thus the stated problem
ol separation 1s particularly prevalent in the m-plane con-
ductors disposed directly below the upper surface or directly
above the lower surface of the multilayer body 104.

Although a method that improves the strength of the close
contact between the mnsulating layers and the in-plane con-
ductors by adding, to the imn-plane conductors, the same type
of ceramic component as that in the material for forming the
insulating layers can be employed as a measure for prevent-
ing the mn-plane conductors from separating in this manner,
this method causes a drop 1n the electrical characteristics and
the like of the in-plane conductors and 1s therefore difficult

0 be employed.

Having been achieved in light of the stated problem, the
present disclosure provides a techmique, n a multilayer
wiring board including a multilayer body formed by lami-
nating a plurality of insulating layers together, that can
reduce a possibility that an in-plane conductor formed on a
main surface of an insulating layer separating from the
insulating layer due to stress from a via conductor.

Solution to Problem

To solve the above-described problems, a multilayer
wiring board according to the present disclosure includes: a
multilayer body formed by laminating a plurality of 1nsu-
lating layers together; an outer electrode formed on one
main surface of the multilayer body; a first via conductor
provided within the multilayer body and connected at one
end to the outer electrode; a first wiring layer including a
line-shaped first in-plane conductor directly connected to
another end of the first via conductor; a second via conductor
provided within the multilayer body on a surface of the first
in-plane conductor on the opposite side from a surface of the
first 1n-plane conductor connected to the first via conductor,
in a position distanced from the first via conductor by a
predetermined distance when viewed 1n a direction orthogo-
nal to a layering direction (a direction orthogonal to the
surface of the first i-plane conductor) of the multilayer
body, one end of the second via conductor being connected
to the first in-plane conductor; and a second wiring layer
including a line-shaped second in-plane conductor con-
nected to another end of the second via conductor. Here, the
first in-plane conductor 1s formed so that a line width thereof
1s narrower than a line width of the second in-plane con-
ductor.

In this case, the first in-plane conductor connected to the
other end of the first via conductor 1s formed so that the line
width of the first in-plane conductor 1s narrower than the line
width of the second in-plane conductor connected to the
other end of the second via conductor. In other words, 1n a
single signal path connected to the outer electrode, the first
in-plane conductor, which 1s the in-plane conductor closest
to the outer electrode positioned on a surface of the multi-
layer body, 1s formed so that the line width of the first
in-plane conductor i1s narrower than the line width of the
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second 1n-plane conductor disposed on a layer further
inward than the first in-plane conductor.

The first and second 1n-plane conductors have diflerent
thermal shrinkage rates from the insulating layer, and thus a
difference 1n the amount of thermal shrinkage between the
in-plane conductors and the isulating layers when pressure
bonding/firing the multilayer body increases as the line
widths of the first and second 1n-plane conductors increase;
this reduces the strength of close contact with the insulating,
layer. Accordingly, the line width of the first in-plane con-
ductor, which 1s highly susceptible to push-up and push-
down stress from the first via conductor and the second via
conductor during pressure bonding/firing, 1s made narrower
than the line width of the second in-plane conductor.
Through this, the strength of close contact between the first
in-plane conductor and the insulating layer can be increased
(the surface area of a joint between the msulating layer and
the 1n-plane conductor having a low close contact strength
can be reduced) as compared to a case where the first
in-plane conductor and the second in-plane conductor are
formed having the same line width, making 1t diflicult for the
first in-plane conductor to separate from the msulating layer
when recerving push-up and push-down stress from the first
via conductor and the second via conductor during the
pressure bonding/firing. In addition, reducing separation of
the first in-plane conductor from the insulating layer
improves the reliability of the multilayer wiring board.

In addition, a slit that passes through the first in-plane
conductor 1n a thickness direction (a direction perpendicular
to the main surface of the insulating layer) of the first
in-plane conductor may be provided in the first in-plane
conductor. Through this, when pressure bonding/firing the
multilayer body, the insulating layers just above and below
the first mn-plane conductor enter into the slit and form a
column, which further improves the eflect of reducing the
chance of separation of the first in-plane conductor from the
insulating layer. Furthermore, providing the slit increases the
surface area of the first in-plane conductor per unit length
thereol, which improves high-frequency characteristics in
the case where a high-frequency signal 1s used.

In addition, the first wiring layer may include a plurality
of the first in-plane conductors, and the first via conductor
and the second via conductor may be connected in parallel
by the plurality of first in-plane conductors. This makes 1t
possible to handle high currents while reducing the chance
of separation of the first in-plane conductors from the
insulating layer.

In addition, a dummy via conductor may be provided on
a surface of the first in-plane conductor on the opposite side
from the surface of the first in-plane conductor connected to
the first via conductor, in a position that overlaps with the
first via conductor when viewed 1n plan view. Through this,
stress acting on the first in-plane conductor from the first via
conductor when pressure bonding/firing the multilayer body
1s canceled out by stress acting on the first in-plane conduc-
tor from the dummy via conductor. In other words, stress
received by the first in-plane conductor from the first via
conductor when pressure bonding/firing the multilayer body
1s reduced, which further improves the effect of reducing the
chance of separation of the first in-plane conductor from the
insulating layer.

In addition, a plurality of the insulating layers may be
provided between the outer electrode and the first wiring,
layer; each of the msulating layers between the outer elec-
trode and the first wiring layer may be thinner than the
insulating layers aside from the insulating layers between
the outer electrode and the first wiring layer; and the first via
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4

conductor may be formed from a continuous body consti-
tuted of a plurality of via elements, each via element being
formed so as to pass through a corresponding one of the
insulating layers between the outer electrode and the first
wiring layer.

For example, when forming the first via conductor, a via
hole 1s formed 1n the mnsulating layer using a laser beam, and
the via hole has a tapered shape 1n which the diameter of the
opening of the via hole in an end portion on the side
irradiated by the laser beam 1s greater than an end portion on
the other side. Accordingly, 11 an attempt 1s made to form the
first via conductor so that an area of the end surface thereof
on the stated other side has a desired size, the area of the end
surface of the first via conductor on the one side thereof will
increase as the insulating layer becomes thicker, which
increases the overall volume of the first via conductor. In
addition, push-up or push-down stress acting on the first
in-plane conductor during pressure bonding/firing will
increase as the overall volume of the first via conductor
increases, and thus the risk of the first in-plane conductor
separating {from the insulating layer will increase as the
insulating layer becomes thicker.

Accordingly, a plurality of msulating layers are disposed
between the outer electrode and the first wiring layer (the
first in-plane conductor), this plurality of insulating layers
being thinner than the msulating layers aside from those
between the outer electrode and the first wiring layer, and the
first via conductor 1s formed from a continuous body con-
stituted of a plurality of via elements, each via element being
formed so as to pass through a corresponding one of these
insulating layers. Accordingly, even when the area of the end
surtace of the first via conductor on the other end side
thereof 1s the same, the overall volume of the first via
conductor can be reduced as compared to the case where a
single insulating layer 1s disposed between the outer elec-
trode and the first wiring layer and the first via conductor 1s
formed in that insulating layer. Reducing the overall volume
of the first via conductor reduces the push-up or push-down
stress acting on the first in-plane conductor from the first via
conductor when pressure bonding/firing the multilayer body,
which improves the effect of preventing the first in-plane
conductor from separating from the nsulating layer.

A plurality of the 1nsulating layers may also be provided
between the first wiring layer and the second wiring layer;
cach of the msulating layers between the first wiring layer
and the second wiring layer may be thinner than the i1nsu-
lating layers between the outer electrode and the first wiring
layer and the insulating layers aside from the insulating
layers between the first wiring layer and the second wiring
layer; and the second via conductor may be formed from a
continuous body constituted of a plurality of via elements,
cach via element being formed so as to pass through a
corresponding one of the mnsulating layers between the first
wiring layer and the second wiring layer. Through this, the
push-up or push-down stress acting on the first in-plane
conductor from the second via conductor when pressure
bonding/firing the multilayer body 1s reduced, which further
improves the effect of preventing the first in-plane conductor
from separating from the nsulating layer.

In addition, the first via conductor may have a lower
weilght ratio of additives aside from a metal component than
the second via conductor. When the weight ratio of additives
aside from the metal component in the first via conductor 1s
high, that via conductor experiences less thermal shrinkage
rate, resulting 1n a greater difference i1n the amount of
thermal shrinkage from the insulating layer when the mul-
tilayer body 1s pressure bonded/fired. In this case, the
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push-up or push-down stress acting on the first in-plane
conductor from the first via conductor during the pressure
bonding/firing increases, which in turn increases the risk of
the first in-plane conductor separating ifrom the insulating
layer. Accordingly, making the weight ratio of additives
aside from the metal component lower 1n the first via
conductor located in the surface layer of the multilayer body,
where there 1s greater influence on the separation of the first
in-plane conductor, than in the second wvia conductor,
reduces the push-up or push-down stress on the first in-plane
conductor from the first via conductor, which improves the
ellect of preventing the first in-plane conductor from sepa-
rating from the insulating layer.

In addition, of the plurality of via elements that form the
first via conductor, a weight ratio of additives aside from a
metal component of the via element directly connected to
the outer electrode may be lower than a weight ratio of
additives aside from a metal component of the other via
element and the second via conductor. In this case as well,
the push-up or push-down stress on the first in-plane con-
ductor from the first via conductor 1s reduced as compared
to a case where the first via conductor and the second via
conductor have the same weight ratio of additives aside from
the metal component, which improves the eflect of prevent-
ing the first in-plane conductor from separating from the
insulating layer.

In addition, the first in-plane conductor may be thinner
than the second in-plane conductor. In this case, as like the
line width of the first in-plane conductor 1s made narrower
than that of the second in-plane conductor, the difference in
the amount of thermal shrinkage between the first in-plane
conductor and the nsulating layer when pressure bonding/
firing the multilayer body 1s reduced, which increases the
strength of close contact between the first in-plane conductor
and the insulating layer and makes 1t possible to reduce
separation of the first in-plane conductor from the insulating
layer.

In addition, the first via conductor may be formed having
a tapered shape that narrows as the first via conductor
progresses toward the first in-plane conductor, and the
second via conductor may be formed having a tapered shape
that narrows as the second via conductor progresses toward
the first in-plane conductor. In this case, when pressure
bonding/firing the multilayer body, the 1nsulat1ng layer func-
tions as resistance to push-up or push-down stress from the
first and second via conductors on the first in-plane conduc-
tor, and thus separation of the first in-plane conductor from
the 1sulating layer can be reduced.

In addition, the above-described multilayer wiring board
may be employed 1n a probe card. In this case, a highly-
reliable probe card in which separation of the first in-plane
conductor from the insulating layer 1s reduced can be
provided.

According to the present disclosure, the first in-plane
conductor connected to the other end of the first via con-
ductor 1s formed so that the line width of the first in-plane
conductor 1s narrower than the line width of the second
in-plane conductor connected to the other end of the second
via conductor. In other words, 1n a single wiring path
connected to the outer electrode, the first in-plane conductor,
which 1s the in-plane conductor closest to the outer electrode
positioned on a surface of the multilayer body, 1s formed so
that the line width of the first in- plane conductor 1s narrower
than the line width of the second in-plane conductor dis-
posed on a layer further inward than the first in-plane
conductor.
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The first and second in-plane conductors have different
thermal shrinkage rates from the insulating layer, and thus a
difference in the amount of thermal shrinkage between the
in-plane conductors and the isulating layers when pressure
bonding/firing the multilayer body increases as the line
widths of the first and second 1n-plane conductors increase;
this reduces the strength of close contact with the mnsulating
layer. Accordingly, the line width of the first in-plane con-
ductor, which 1s highly susceptible to push-up and push-
down stress from the first via conductor and the second via
conductor during pressure bonding/firing, 1s made narrower
than the line width of the second in-plane conductor.
Accordingly, the strength of close contact between the first
in-plane conductor and the mnsulating layer can be increased
as compared to a case where the first in-plane conductor and
the second im-plane conductor are formed having the same
line width, and thus 1t 1s more difficult for the first in-plane
conductor to separate from the insulating layer when the first
in-plane conductor receives push-up and push-down stress
from the first via conductor and the second via conductor
during pressure bonding/firing. In addition, reducing sepa-
ration of the first mn-plane conductor from the insulating
layer improves the reliability of the multilayer wiring board.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

FIG. 1 1s a cross-sectional view of a multilayer wiring
board according to first to third embodiments of the present
disclosure.

FIG. 2 1s a plan view of a first in-plane conductor
indicated 1n FIG. 1.

FIG. 3 1s a plan view of a second in-plane conductor
indicated in FIG. 1.

FIG. 4 1s a plan view of a first in-plane conductor 1n the
multilayer wiring board according to the second embodi-
ment of the present disclosure.

FIGS. 5A and 5B are diagrams illustrating variations on
the first in-plane conductor indicated 1n FIG. 4.

FIG. 6 1s a plan view of a first in-plane conductor 1n the
multilayer wiring board according to the third embodiment
of the present disclosure.

FIG. 7 1s a diagram illustrating a variation on the first
in-plane conductor indicated in FIG. 6.

FIG. 8 1s a cross-sectional view of a multilayer wiring
board according to a fourth embodiment of the present
disclosure.

FIG. 9 1s a cross-sectional view of a multilayer wiring
board according to a fifth embodiment of the present dis-
closure.

FIG. 10 1s a cross-sectional view of a multilayer wiring,
board according to a sixth embodiment of the present
disclosure.

FIG. 11 1s a cross-sectional view of a multilayer wiring
board according to a seventh embodiment of the present
disclosure.

FIG. 12 1s a cross-sectional view of a multilayer wiring
board according to an eighth embodiment of the present
disclosure.

FIG. 13 1s a cross-sectional view of a conventional
multilayer wiring board.

DETAILED DESCRIPTION

<First Embodiment>
A multilayer wiring board 1 according to a first embodi-
ment of the present disclosure will be described with refer-
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ence to FIGS. 1 to 3. FIG. 1 1s a cross-sectional view of the
multilayer wiring board 1 according to the first embodiment
of the present disclosure, FIG. 2 1s a plan view of a first
in-plane conductor 641 indicated in FIG. 1, and FIG. 3 1s a
plan view of a second in-plane conductor 6c¢1 indicated in
FIG. 1.

As 1illustrated 1n FIG. 1, the multilayer wiring board 1
according to this embodiment includes a multilayer body 2
tformed by laminating a plurality of insulating layers 3a to 3e
together, a plurality of upper outer electrodes 4 formed on an
upper surface of the multilayer body 2, a plurality of lower
outer electrodes 5 formed on a lower surface of the multi-
layer body 2, and a plurality of wiring layers 6a to 6d
disposed between adjacent insulating layers 3a to 3e. A
plurality of via conductors 7a to 7e are provided 1n each of
the msulating layers 3a to 3e, and corresponding upper outer
clectrodes 4 and lower outer electrodes 3 are connected with
the via conductors 7a to 7e and the wiring layers 6a to 6d
interposed therebetween.

Ceramics, a glass epoxy resin, or the like can be used as
the material of which the insulating layers 3a to 3e are
formed. In this embodiment, the nsulating layers 3a to 3e
are formed from low-temperature co-fired ceramics (LTCC).
The number of the nsulating layers 3a to 3e that constitute
the multilayer body 2 can be increased or decreased as
appropriate.

Each of the upper outer electrodes 4 1s formed from one
of Cu, Ag, and Al, and 1s connected to a probe pin, which 1s
not 1llustrated 1n the drawings.

Each of the lower outer electrodes 5 1s formed from one
of Cu, Ag, and Al, and 1s connected to an external mounting
board or the like using solder or the like.

The wining layers 6a to 64 are constituted of a plurality of
in-plane conductors 6al, 661, 6¢c1, and 6d1, respectively,
which are formed from one of Cu, Ag, and Al.

The via conductors 7a to 7e are formed by filling corre-
sponding via holes formed so as to pass through predeter-
mined insulating layers 3a to 3e with a conductive paste
obtained by mixing, for example, one of Cu, Ag, and Al with
an organic solvent or the like. These via holes are formed by
irradiating the insulating layers 3a to 3e with a laser beam
from one main surface side thereof. At this time, the via
holes are formed having tapered shapes 1n which the diam-
cter of the openings thereol decrease as the holes progress
from the one main surface side to another main surface side
of the msulating layers 3a to 3e.

According to the multilayer wiring board 1 configured 1n
this manner, as described above, five signal paths are formed
by the corresponding upper outer electrodes 4 and lower
outer electrodes 5 being connected to each other with the
in-plane conductors 6al, 651, 6c1, and 641 and the via
conductors 7a to 7e of the respective wiring layers 6a to 64
interposed therebetween. Meanwhile, the pitch of the via
conductors 7a to 7e formed 1n the same one of the isulating
layers 3a to 3e widens from an upper layer side to a lower
layer side, and a rewiring structure 1s formed in the multi-
layer wiring board 1.

Here, a connection structure for each signal path will be
described 1n detail using a signal path that connects the
upper outer electrode 4 and the lower outer electrode 5 on
the left end 1 FIG. 1 as an example. In this signal path, one
end of the via conductor 7e (corresponding to a “first via
conductor” according to the present disclosure; also called a
first via conductor 7e heremaifter) formed 1n the msulating
layer 3e that 1s the lowermost layer 1s connected to the lower
outer electrode 5, and the m-plane conductor 641 (corre-
sponding to a “first in-plane conductor” according to the

10

15

20

25

30

35

40

45

50

55

60

65

8

present disclosure; also called the first in-plane conductor
641 hereinafter) in the wiring layer 64 of the lowermost
layer 1s directly connected to another end of the first via
conductor 7e. As illustrated 1n FIG. 2, the in-plane conductor
641 1s formed 1n a line shape, and one end side thereof 1s
connected to the first via conductor 7e.

Meanwhile, another end side of the i-plane conductor
641 1s connected to one end of the via conductor 7d
(corresponding to a “second via conductor” according to the
present disclosure; also called a second via conductor 7d
hereinafter) formed in the msulating layer 34 located on the
opposite surface side from the surface where the in-plane
conductor 641 and the first via conductor 7e connect. To
rephrase, by being connected to the other end side of the
in-plane conductor 641, the second via conductor 7d 1is
provided 1n a location distanced from the first via conductor
7e by a predetermined distance 1n a direction orthogonal to
a layering direction of the multilayer body 2.

Another end of the second via conductor 74 1s connected
to the m-plane conductor 6¢1 (corresponding to a “second
in-plane conductor” according to the present disclosure; also
called the second in-plane conductor 6¢1 heremafter) of the
wiring layer 6¢ one layer above the wiring layer 64 that 1s
the lowermost layer. As illustrated 1n FIG. 3, this in-plane
conductor 6c1 1s also formed in a line shape, and one end
thereol 1s connected to the other end of the second wvia
conductor 7d. The in-plane conductors 6al and 651 and the
via conductors 7a to 7¢ disposed above the in-plane con-
ductor 6¢1 are connected 1n the same manner, thus forming
a single signal path that connects the upper outer electrode
4 and the lower outer electrode 5. The wiring layer 64 that
1s the lowermost layer corresponds to a “first wiring layer”
according to the present disclosure, and the wiring layer 6¢
one layer thereabove corresponds to a “second wiring layer”
according to the present disclosure.

In the case where a single signal path 1s formed by the
in-plane conductors 6al, 651, 6¢c1, and 641 and the via
conductors 7a to 7e 1n this manner, 1t 1s common for the
in-plane conductors 6al, 6561, 6¢1, and 641 to be given the
same line widths. However, 1n this embodiment, the in-plane
conductor 641 1n the wiring layer 6d closest to the lower
surface of the multilayer body 2 1s formed so that the line
width thereof 1s narrower than the line widths of the other
in-plane conductors 6al, 651, and 6¢1 1n the single signal
path.

For example, the second in-plane conductor 6c¢1 1llus-
trated 1n FIG. 3 1s formed so that a line width W2 thereof 1s
100 um, whereas the first in-plane conductor 641 1llustrated
in FIG. 2 1s formed so that a line width W1 thereof 1s 50 um.
The other in-plane conductors 6a1 and 651 are formed at the
same 100 um as the second in-plane conductor 6c1. Note
that the stated values of the line widths W1 and W2 are
examples, and can be changed as desired as long as the
configuration 1s such that the first in-plane conductor 641
directly connected to the first via conductor 7e 1s formed so
that the line width thereof 1s narrower than the line widths
of the other m-plane conductors 6al, 651, and 6¢1 1n the
single signal path.

The upper outer electrode 4 and the lower outer electrode
5 are connected using substantially the same signal path
connection structure as that described above in the other
signal paths, aside from the signal path that connects the
upper outer electrode 4 and the lower outer electrode 3 in the
middle of FIG. 1.

(Method of Manufacturing Multilayer Wiring Board 1)

Next, a method of manufacturing the multilayer wiring
board 1 according to this embodiment will be described. In
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this method of manufacturing the multilayer wiring board 1,
first, the insulating layers 3a to 3e are individually prepared.
Here, a plurality of ceramic green sheets that will form the
insulating layers 3a to 3e are prepared, and the via holes are
formed 1n predetermined positions of one main surface of
cach ceramic green sheet by 1rradiating those positions with
a laser beam.

Next, the via conductors 7a to 7¢ are formed by using a
printing technique or the like to fill the via holes that have
been formed with a conductive paste containing, for
example, one metal of Cu, Ag, or Al, an organic solvent, and

the like.

Next, the msulating layers 3a to 3e are completed by
forming the m-plane conductors 6al, 651, 6¢1, and 641 that
constitute the wiring layers 6a to 64 in predetermined
positions on the one main surface or another main surface of
the respective ceramic green sheets. At this time, the in-
plane conductor 641 in the wiring layer 64 that 1s the
lowermost layer 1s formed so that the line width W1 1s
narrower than the line widths of the in-plane conductors 6al,
651, and 6c1 1n the other insulating layers 6a to 6c.

In addition, the upper outer electrodes 4 are formed in
predetermined positions of the ceramic green sheet that
torms the upper surface of the multilayer body 2, and the
lower outer electrodes 5 are formed 1n predetermined posi-
tions of the ceramic green sheet that forms the lower surtace
of the multilayer body 2. The in-plane conductors 6al, 651,
6¢c1, and 6d1, the upper outer electrodes 4, and the lower
outer electrodes 5 can be formed through a printing tech-
nique that uses a conductive paste containing, for example,
one metal of Cu, Ag, and Al.

Next, the prepared insulating layers 3a to 3e are stacked
in a predetermined order and then pressure bonded, thus
forming the multilayer body 2 in which the insulating layers
3a to 3e are laminated together.

Finally, the multilayer wiring board 1 1s completed by
firing the multilayer body 2 at a predetermined temperature
(850° C., for example) 1n this pressurized state.

Note that when preparing the insulating layers 3a to 3e, a
weilght ratio of additives aside from the metal component in
the first via conductor 7e formed 1n the insulating layer 3e
that 1s the lowermost layer may be set to be lower than the
corresponding weight ratios of the other via conductors 7a
to 7d, including the second via conductor 74d. When the
weight ratio of additives aside from the metal component in
the first via conductor 7e 1s high, that via conductor expe-
riences less thermal shrinkage rate, resulting in a greater
difference in the amount of thermal shrinkage from the
insulating layers 3a to 3e when the multilayer body 2 1is
pressure bonded/fired. This causes a greater amount of
push-up stress to act on the first in-plane conductor 641 from
the first via conductor 7e¢ during the pressure bonding/firing,
which increases the risk of the first in-plane conductor 641
separating from the insulating layer 3e. Accordingly, making
the weight ratio of additives aside from the metal component
lower 1n the first via conductor 7e located 1n the lowermost
layer of the multilayer body 2, where there i1s greater
influence on the separation of the first in-plane conductor
641, than 1n the other via conductors 7a to 7d, improves the
ellect of preventing the first in-plane conductor 641 from
separating from the insulating layer 3e.

A probe card according to the present disclosure includes
the above-described multilayer wiring board 1 and a plural-
ity ol probe pins connected to corresponding upper outer
clectrodes 4 formed 1n the upper surface of the multilayer
body 2. This makes it possible to carry out electrical
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inspections of semiconductor devices and the like in which
signal terminals are disposed at high densities.

As such, according to the above-described embodiment,
in a single signal path that connects a predetermined upper
outer electrode 4 and a predetermined lower outer electrode
5, the first m-plane conductor 641, which 1s the in-plane
conductor closest to the lower outer electrode 5 located on
the surface (lower surface) of the multilayer body 2, 1s
tformed so that the line width W1 thereof 1s narrower than the
line width of the second in-plane conductor 6¢1 disposed 1n
a layer further inward than the first in-plane conductor 641.

The in-plane conductors 6al, 601, 6c1, and 641 have
different thermal shrinkage rates from the insulating layers
3a to 3e, and thus as the line widths W1 and W2 of the
in-plane conductors 6al, 601, 6¢1, and 641 increase, the
difference 1n amount of thermal shrmkage between the
in-plane conductors 6al, 6561, 6¢1, and 641 and the mnsulat-
ing layers 3a to 3e when the multllayer body 2 1s pressure
bonded/fired increases, causing a drop in the strength of
close contact with the nsulating layers 3a to 3e.

Accordingly, the line width W1 of the first in-plane
conductor 641, which 1s highly susceptible to push-up and
push-down stress from the first via conductor 7¢ and the
second via conductor 7d during pressure bonding/firing, 1s
made narrower than the line width of the second 1n-plane
conductor 6¢1. Through this, the strength of close contact
between the first imn-plane conductor 641 and the isulating
layers 3d and 3e can be increased as compared to a case
where the mn-plane conductors 6al, 651, 6c1, and 6d1 are
formed at the same line widths 1n a single signal path, which
makes 1t possible to reduce separation of the first in-plane
conductor 641 from the insulating layers 3d and 3e when
pressure bonding/firing the multilayer body 2. Reducing
separation of the first in-plane conductor 641 from the
insulating layers 3d and 3e improves the reliability of the
multilayer wiring board 1.

<Second Embodiment>

A multilayer wiring board 1la according to a second
embodiment of the present disclosure will be described with
reference to FIGS. 1 and 4. FIG. 4 1s a plan view of a first
in-plane conductor 642 provided in the multilayer wiring
board 1a, and 1s a diagram corresponding to FIG. 2 referred
to 1n the descriptions of the multilayer wiring board 1
according to the first embodiment.

The multilayer wiring board 1a according to this embodi-
ment differs from the multilayer wiring board 1 according to
the first embodiment described with reference to FIGS. 1 to
3 1n that, as 1llustrated 1n FIG. 4, the first in-plane conductor
642 connected to the lower outer electrode 5 with the first
via conductor 7e interposed therebetween 1s provided with a
slit 10qa that passes through the first in-plane conductor 642
in a thickness direction thereot. The rest of the configuration
1s the same as that of the multilayer wiring board 1 according
to the first embodiment, and descriptions thereof will be
omitted by using the same reference numerals.

In this case, the slit 10a 1s provided 1n the first in-plane
conductor 642 that 1s highly susceptible to push-up and
push-down stress from the first via conductor 7e¢ and the
second via conductor 7d, 1n substantially the center of a line
width direction of the first m-plane conductor 642 and
following a length direction of the line.

Through this, when pressure bonding/firing the multilayer
body 2, the insulating layers 34 and 3e just above and below
the first in-plane conductor 642 enter into the slit 10q and
form a column, and the column of the insulating layers 3d
and 3e alleviates the push-up and push-down stress from the
first via conductor 7e and the second via conductor 74 on the
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first 1n-plane conductor 642. The ellect of reducing separa-
tion of the first mn-plane conductor 642 from the nsulating,
layers 3d and 3e 1s further improved as a result. Furthermore,
providing the slit 10a increases the surface area of the first
in-plane conductor 642 per unit length thereof, which
improves high-frequency characteristics in the case where a
high-frequency signal 1s used.

(Variations on First In-plane Conductor 642)

Variations on the first in-plane conductor 642 of the

multilayer wiring board 1la according to this embodiment
will be described with reference to FIGS. 5A and 5B. FIGS.

5A and 5B are diagrams illustrating variations on the first

in-plane conductor 642, and are diagrams corresponding to
FIG. 4.

The shape of the slit provided 1n the first in-plane con-
ductor 642 can be changed as desired. For example, as
indicated by the variations on the in-plane conductor 642
illustrated 1n FIG. SA, a plurality of slits 105, each having
a rectangular shape when viewed in plan view, may be
provided 1n a row following the length direction of the first
in-plane conductor 642. Alternatively, as illustrated 1n FIG.
5B, a plurality of slits 10¢, each having a rhombus shape,
may be provided 1n a row following the length direction of
the first m-plane conductor 642. The same eflects as the
multilayer wiring board 1a according to the second embodi-
ment can be achieved by this configuration as well.

<Third Embodiment>

A multilayer wiring board 15 according to a third embodi-
ment of the present disclosure will be described with refer-
ence to FIGS. 1 and 6. FIG. 6 1s a plan view of {irst in-plane
conductors 643 and 644 provided in the multilayer wiring
board 15, and 1s a diagram corresponding to FIG. 2 referred
to 1 the descriptions of the multilayer wiring board 1
according to the first embodiment.

The multilayer wiring board 15 according to this embodi-
ment differs from the multilayer wiring board 1 according to
the first embodiment described with reference to FIGS. 1 to
3 1n that, as 1llustrated 1n FIGS. 1 and 6, a plurality of (two,
in this embodiment) first in-plane conductors 643 and 644
are provided i the wiring layer 64 that 1s the lowermost
layer, 1n a single signal path connecting a corresponding
upper outer electrode 4 and lower outer electrode 5. The rest
of the configuration 1s the same as that of the multilayer
wiring board 1 according to the first embodiment, and
descriptions thereof will be omitted by using the same
reference numerals.

In this case, as illustrated i FIG. 6, of the signal path
connecting the corresponding upper outer electrode 4 and
lower outer electrode 5, the first in-plane conductors 643 and
644 provided in the wiring layer 64 that 1s the lowermost
layer are formed so that respective line widths W3 and W4
thereol are narrower than the line width W2 of the second
in-plane conductor 6c¢1 (see FIG. 3) (that 1s, W2>W3, W4).
In addition, the first via conductor 7e¢ and the second via
conductor 7d are connected 1n parallel by the first in-plane
conductors 643 and 64d4.

In this manner, separation of the first in-plane conductors
643 and 644 from the insulating layers 3d and 3e can be
reduced even when the line widths W3 and W4 of the first
in-plane conductors 643 and 644 are narrower than the line
width of the second in-plane conductor 6¢1. Furthermore,
the 1nsulating layers 34 and 3e form a column between the
first in-plane conductors 643 and 644 when the multilayer
body 2 1s pressure bonded/fired, and thus the eflect of
reducing separation of the first in-plane conductors 643 and
644 from the insulating layers 34 and 3e 1s further improved
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for the same reason as with the multilayer wiring board 1a
according to the second embodiment.

In addition, by connecting the first and second via con-
ductors 7e¢ and 7d in parallel using the first in-plane con-
ductors 643 and 6d4, high currents can be handled while
reducing separation of the first in-plane conductors 643 and
644 from the insulating layers 34 and 3e. To make 1t easier
to handle high currents, a sum of the line widths W3 and W4
of the first imn-plane conductors 643 and 644 may be made
greater than the line width W2 of the second in-plane
conductor 6¢c1 (W3+W4>W2).

(Variation on First In-plane Conductors 643 and 644 )

A vanation on the first mn-plane conductors 643 and 644
according to this embodiment will be described with refer-
ence to FI1G. 7. FIG. 7 1s a diagram 1llustrating a variation on
the first in-plane conductors 643 and 644, and corresponds
to FIG. 6.

In this case, as illustrated 1 FIG. 7, first in-plane con-
ductors 645 and 646 that connect the first via conductor 7e
and the second via conductor 7d 1n parallel are disposed
parallel to each other with a predetermined gap therebe-
tween. The first in-plane conductors 645 and 646 are formed
so that respective line widths W3 and W6 therecol are
narrower than the line width W2 of the second in-plane
conductor 6cl (see FIG. 3). Meanwhile, a plurality of
linking portions 11 are provided between the first in-plane
conductors 6435 and 646, resulting 1n a structure in which the
first 1n-plane conductors 645 and 646 are linked by the
linking portions 11 throughout a path connecting the first via
conductor 7e and the second via conductor 7d. This results
in the same type of structure as that illustrated in FIG. 3, 1n
which slits are provided in the second in-plane conductor
6¢c1 having the line width W2.

Incidentally, although forming the first in-plane conductor
641 provided in the multilayer wiring board 1 according to
the above-described first embodiment so that the line width
W1 thereof narrower than the line widths of the other
in-plane conductors 6al, 651, and 6¢c1 including the second
in-plane conductor 6c1 does reduce separation from the
insulating layers 34 and 3e compared to a case where the line
widths are the same 1n the in-plane conductors 6al, 651,
6¢1, and 641, doing so also makes 1t more ditlicult to handle
high currents. However, employing a wiring structure such
as that according to this variation makes 1t possible to ensure
similar current resistance characteristics as 1n the case where
the in-plane conductors 6al, 661, 6¢c1, and 641 have equal
line widths.

Furthermore, the insulating layers 34 and 3e form col-
umuns in the gaps (slits) between the first in-plane conductors
645 and 646 when the multilayer body 2 1s pressure bonded/
fired, and thus separation of the first in-plane conductors 645
and 646 from the msulating layers 34 and 3e can be reduced
for the same reason as with the multilayer wiring board 1a
according to the second embodiment.

<Fourth Embodiment>

A multilayer wiring board 1lc¢ according to a fourth
embodiment of the present disclosure will be described with
reference to FIG. 8. FIG. 8 1s a cross-sectional view of the
multilayer wiring board 1c.

The multilayer wiring board 1¢ according to this embodi-
ment differs from the multilayer wiring board 1 according to
the first embodiment described with reference to FIGS. 1 to
3 1n that, as illustrated 1in FI1G. 8, dummy via conductors 12
are provided in positions on the opposite sides of the
surfaces of the first in-plane conductor 641 that connect with
the corresponding first via conductors 7e, so as to overlap
with the first via conductors 7¢ when viewed in plan view.
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The rest of the configuration 1s the same as that of the
multilayer wiring board 1 according to the first embodiment,
and descriptions thereol will be omitted by using the same
reference numerals.

In this case, the dummy via conductors 12 are provided in
positions that overlap with the first via conductors 7e
connected to the first in-plane conductor 641 when viewed
in plan view, and the dummy via conductors 12 are con-
nected to a surface of the first in-plane conductor 641 on the
opposite side as the surface of the first m-plane conductor
641 connected to the first via conductors 7e.

Through this, push-up stress acting on the first in-plane
conductor 641 from the first via conductors 7e when pres-
sure bonding/firing the multilayer body 2 1s canceled out by
push-down stress acting on the {irst in-plane conductor 641
from the dummy via conductors 12. In other words, stress
received by the first in-plane conductor 641 from the first via
conductors 7e¢ when pressure bonding/firing the multilayer
body 2 1s reduced, which reduces separation of the first
in-plane conductor 641 from the insulating layers 34 and 3e.
Note that the dummy via conductors 12 need not be con-
nected to the surface of the first in-plane conductor 641 on
the opposite side from the surface of the first in-plane
conductor 641 connected to the first via conductors 7e, and
the configuration may be such that the dummy via conduc-
tors 12 are disposed 1n positions, on the upper layer side of
the first in-plane conductor 641, that overlap with the first
via conductors 7e when viewed 1n plan view, in the layering
direction of the multilayer body 2.

<Fifth Embodiment>

A multilayer wiring board 14 according to a fifth embodi-
ment of the present disclosure will be described with refer-
ence to FIG. 9. FIG. 9 1s a cross-sectional view of the
multilayer wiring board 1d.

The multilayer wiring board 14 according to this embodi-
ment differs from the multilayer wiring board 1 according to
the first embodiment described with reference to FIGS. 1 to
3 in that, as 1llustrated 1n FIG. 9, a plurality of (two, in this
embodiment) insulating layers 3el and 3e2 are disposed
between the lower outer electrodes S and the wiring layer 6d
that 1s the lowermost layer, and first via conductors 7f are
cach formed as continuous bodies constituted of two via
clements 7/1 and 7f2 formed so as to pass through the
insulating layers 3el and 3e2, respectively. The rest of the
configuration 1s the same as that of the multilayer wiring
board 1 according to the first embodiment, and descriptions
thereol will be omitted by using the same reference numer-
als.

In this case, the mnsulating layers 3¢l and 3e¢2 between the
lower outer electrodes 5 and the wiring layer 6d are each
formed so as to be thinner than the other msulating layers 3a
to 3d. In the process of manufacturing the multilayer wiring,
board 1d, the via elements 7f1 and 7f2 are prepared indi-
vidually 1n the insulating layers 3el and 3e2, respectively,
and the first via conductors 7f that form the continuous
bodies constituted of the via elements 71 and 7/2 are formed
through the stacking, pressure bonding, and firing of the
insulating layers 3a to 34, 3el, and 3e2.

Incidentally, 1n the structure of the multilayer wiring
board 1 according to the first embodiment, via holes are
formed 1n the msulating layer 3e using a laser beam when
forming the first via conductors 7e, and the via holes have
tapered shapes 1n which the diameter of the opening of each
via hole 1n the end portion on the side irradiated by the laser
beam 1s greater than the end portion on the other side.
Accordingly, if an attempt 1s made to form the first via
conductors 7e so that an area of the end surfaces thereof on
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the stated other side has a desired size, the areas of the end
surfaces of the first via conductors 7¢ on the one side thereof
will increase as the insulating layer 3e becomes thicker,
which 1ncreases the overall volume of the first via conduc-
tors 7e. In addition, the push-up stress acting on the first
in-plane conductor 641 during pressure bonding/firing will
increase as the overall volume of the first via conductors 7e
increases, and thus the risk of the first mn-plane conductor
641 separating from the insulating layers 3d and 3e will
increase as the insulating layer 3e becomes thicker.

Accordingly, the mnsulating layers 3el and 3¢2, which are
thinner than the insulating layers 3a to 34 that are not located
between the lower outer electrodes 5 and the first in-plane
conductor 641, are disposed between the lower outer elec-
trodes 5 and the first in-plane conductor 641, and the first via
conductors 7/ are formed as continuous bodies constituted
by the two via elements 7/1 and 7/2 formed so as to pass
through the msulating layers 3el and 3e2, respectively.

Accordingly, even when the area of the end surfaces of the
first via conductors 7f on the other end sides thereof are the
same, the overall volume of the first via conductors 7f can
be reduced as compared to the multilayer wiring board 1
according to the first embodiment, 1n which the single
isulating layer 3e 1s disposed between the lower outer
clectrodes 5 and the first in-plane conductor 641 and the first
via conductors 7e are formed in the insulating layer 3e.
Reducing the overall volume of the first via conductors 7f
reduces the push-up stress acting on the first in-plane
conductor 641 from the first via conductors 7f when pressure
bonding/firing the multilayer body 2, and thus separation of
the first in-plane conductor 641 from the insulating layers 3d
and 3el can be reduced. Furthermore, reducing the overall
volume of the first via conductors 7f also reduces the
push-down stress acting on the lower outer electrodes 5 from
the first via conductors 7f when pressure bonding/firing the
multilayer body 2, which improves the tlatness of the lower
surface of the multilayer body 2.

In this embodiment, a weight ratio of additives aside from
a metal component in the one via element 772 that, of the via
clements 7f1 and 7f2 forming the first via conductors 7/, 1s
directly connected to the lower outer electrode 5 may be
made lower than a weight ratio of additives aside from a
metal component 1n the other via element 7/1 and the via
conductors 7a to 7d aside from the first via conductors 7.
Through this, when pressure bonding/firing the multilayer
body, push-up stress acting on the first in-plane conductor
641 from the first via conductors 7/ including the wvia
clements 7/2 decreases as a difference in the amount of
thermal shrinkage between the via elements 7f2, which have
a low weight ratio of additives aside from the metal com-
ponent, and the mnsulating layers 3a to 3e decreases, and thus
the effect of preventing the first in-plane conductor 641 from
separating from the insulating layers 34 and 3e 1s improved.

<S1xth Embodiment>

A multilayer wiring board 1e according to a sixth embodi-
ment of the present disclosure will be described with refer-
ence to FIG. 10. FIG. 10 1s a cross-sectional view of the
multilayer wiring board 1e.

The multilayer wiring board 1e according to this embodi-
ment differs from the multilayer wiring board 14 according,
to the fifth embodiment described with reference to FIG. 9
in that, as illustrated 1n FIG. 10, second via conductors 7g
are formed from continuous bodies constituted of two via
clements 7g1 and 7¢2, 1in the same manner as the first via
conductors 7/. The rest of the configuration is the same as
that of the multilayer wiring board 14 according to the fifth
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embodiment, and descriptions thereol will be omitted by
using the same reference numerals.

In this case, a plurality of (two, 1 this embodiment)
insulating layers 3d1 and 342 are disposed between the first
in-plane conductor 641 and the second in-plane conductor
6c1 as well. Here, the insulating layers 3d1 and 342 are
formed thinner than the other mnsulating layers 3a to 3¢ aside
from the insulating layers 3el and 3e2 between the lower
outer electrodes 5 and the first in-plane conductor 641, and
the second via conductors 7g are formed as continuous
bodies constituted of the two via elements 7g1 and 7g2
formed 1n the nsulating layers 3d1 and 342, respectively.

Through this, the push-down stress acting on the first
in-plane conductor 641 from the second via conductors 7¢g
when the multilaver body 2 1s pressure bonded/fired can be
reduced for the same reasons as in the multilayer wiring
board 14 according to the fifth embodiment. In other words,
according to this embodiment, the push-up and push-down
stresses from the first and second via conductors 7/ and 7g,
respectively, on the first in-plane conductor 641 can be
reduced, which further improves the effect of suppressing,
the first in-plane conductor 641 from separating from the
insulating layers 3d2 and 3el.

Note that 1n this embodiment, 1t 1s not absolutely neces-
sary that the first via conductors 7/ be formed from continu-
ous bodies constituted by the plurality of via elements 7/1
and 7f2.

<Seventh Embodiment>

A multilayer wiring board 1f according to a seventh
embodiment of the present disclosure will be described with
reference to FIG. 11. FIG. 11 1s a cross-sectional view of the
multilayer wiring board 1/.

The multilayer wiring board 1/ according to this embodi-
ment differs from the multilayer wiring board 1 according to
the first embodiment described with reference to FIGS. 1 to
3 1n that, as illustrated in FIG. 11, first via conductors 7/
have different shapes. The rest of the configuration 1s the
same as that of the multilayer wiring board 1 according to
the first embodiment, and descriptions thereotf will be omut-
ted by using the same reference numerals.

In this case, while the first via conductors 7e of the
multilayer wiring board 1 according to the first embodiment
are formed having tapered shapes that narrow as the via
conductors progress away from the first in-plane conductor
641, the first via conductors 7/ of the multilayer wiring
board 1/ according to this embodiment are formed having
tapered shapes that narrow as the via conductors progress
toward the first in-plane conductor 641. Meanwhile, the
second via conductors 7d are formed having tapered shapes
that narrow as the via conductors progress toward the first
in-plane conductor 641.

By forming the first and second via conductors 7/ and 7d
in this manner, when pressure bonding/firing the multilayer
body 2, the insulating layer 3e covering the peripheries of
the first via conductors 7/ functions as resistance to push-up
stress from the first via conductors 72 on the first in-plane
conductor 641, and the insulating layer 3d covering the
peripheries of the second via conductors 7d functions as
resistance to push-down stress from the second via conduc-
tors 7d on the first in-plane conductor 641. In this case, the
push-up and push-down stress from the first and second via
conductors 72 and 7d, respectively, on the first mn-plane
conductor 641 1s alleviated, which makes i1t possible to
reduce separation of the first in-plane conductor 641 from
the 1sulating layers 3d and 3e.
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<Eighth Embodiment>

A multilayer wiring board 1g according to an eighth
embodiment of the present disclosure will be described with
reference to FIG. 12. FIG. 12 1s a cross-sectional view of the
multilayer wiring board 1g.

The multilayer wiring board 1g according to this embodi-
ment differs from the multilayer wiring board 1 according to
the first embodiment described with reference to FIGS. 1 to
3 1n that, as illustrated 1n FIG. 12, of in-plane conductors
6al, 601, 6c1, and 647 that form a single signal path
connecting a corresponding upper outer electrode 4 and
lower outer electrode 5, the first in-plane conductor 6d7
formed 1n the wiring layer 64 that 1s the lowermost layer 1s
formed so as to be thinner than the other in-plane conductors
6al, 601, and 6c1 including the second in-plane conductor
6c1. The rest of the configuration 1s the same as that of the
multilayer wiring board 1 according to the first embodiment,
and descriptions thereof will be omitted by using the same
reference numerals.

In this case, 1n the same manner as when the line width
W1 of the first in-plane conductor 647 1s narrower than the
line width of the second in-plane conductor 6c1, a diflerence
in the amount of thermal shrinkage between the first in-plane
conductor 647 and the insulating layers 3a to 3e when
pressure bonding/firing the multilayer body 2 decreases; this
increases the strength of close contact between the first
in-plane conductor 647 and the insulating layers 34 and 3e,
which makes 1t possible to reduce separation of the first
in-plane conductor 647 from the insulating layers 34 and 3e.

Note that the present disclosure i1s not intended to be
limited to the above-described embodiments, and many
changes aside from the content described above can be made
without departing from the essential spirit of the present
disclosure. For example, a multilayer wiring board may be
formed by combining the configurations described in the
respective embodiments.

In addition, although the above embodiments describe
cases of reducing separation of the first in-plane conductor
641 in the wiring layer 64 that 1s the lowermost layer from
the msulating layers 3d and 3e, there i1s also a risk of the
in-plane conductor 6al 1n the wiring layer 6a closest to the
upper surface of the multilayer body 2 separating from the
insulating layers 3a and 35 under the push-up and push-
down stress from the via conductors 7a and 75 connected
thereto when pressure bonding/firing the multilayer body 2,
as compared to the m-plane conductors 661 and 6c1 1n the
iner layers. As such, the disclosures according to the
above-described embodiments may also be applied in the
in-plane conductor 6al on the upper layer side.

Furthermore, the multilayer wiring boards 1, 1a, 15, 1c,
1d, 1e, 1/, and 1g according to the above-described embodi-
ments are not limited to probe cards, and can be used as
boards for matching circuit modules, for example.

INDUSTRIAL APPLICABILITY

The present disclosure can be applied 1n a variety of

multilayer wiring boards that include in-plane conductors
and via conductors therein.

REFERENCE SIGNS LIST

1,1a,1b,1c,1d, 1e, 1 MULTILAYER WIRING BOARD
2 MULTILAYER BODY

3a, 3b, 3c, 3d, 3d1, 3d2, 3e, 3el, 3¢2 INSULATING
LAYER
> LOWER OUTER

ELECTRODE
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641, 642, 643, 6d4, 645, 646, 647 FIRST IN-PLAN.

(L]

CONDUCTOR

6c1 SECOND IN-PLANE CONDUCTOR
7e, 7f, Th FIRST VIA CONDUCTOR

7d, 7¢ SECOND VIA CONDUCTOR
711, 712, 721, 722 VIA ELEMENT

10a, 105, 10c SLIT

12 DUMMY VIA CONDUCTOR

The 1nvention claimed 1s:

1. A multilayer wiring board comprising:

a multilayer body comprising a plurality of insulating
layers laminated together;

a first outer electrode located on a first main outermost
surface of the multilayer body;

a second outer electrode located on a second main out-
ermost surface of the multilayer body that 1s opposite
from the first main outermost surface of the multilayer
body;

a {irst via conductor provided within the multilayer body
and connected at one end to the first outer electrode:;

a first wiring layer including a line-shaped first in-plane
conductor directly connected to another end of the first
via conductor;

a second via conductor provided within the multilayer
body on a surface of the first in-plane conductor on the
opposite side from a surface of the first in-plane con-
ductor connected to the first via conductor, 1in a position
distanced from the first via conductor by a predeter-
mined distance 1n a direction orthogonal to a layering
direction of the multilayer body, one end of the second
via conductor being connected to the first in-plane
conductor;

a second wiring layer including a line-shaped second
in-plane conductor connected to another end of the
second via conductor:;

a third via conductor provided within the multilayer body
on a surface of the second in-plane conductor on the
opposite side from a surface of the second in-plane
conductor connected to the second via conductor, 1n a
position distanced from the second via conductor by a
predetermined distance in a direction orthogonal to a
layering direction of the multilayer body, one end of the
third via conductor being connected to the second
in-plane conductor;

a fourth via conductor provided within the multilayer
body and connected at one end to the second outer
electrode;

a third wiring layer including a third line-shaped portion
of a third in-plane conductor directly connected to
another end of the fourth via conductor; and

a fifth via conductor provided within the multilayer body
on a surface of the third in-plane conductor on the
opposite side from a surface of the third m-plane
conductor connected to the fourth via conductor, 1n a
position distanced from the fourth via conductor by a
predetermined distance in a direction orthogonal to a
layering direction of the multilayer body, one end of the
fifth via conductor being connected to the third in-plane
conductor,

wherein the first m-plane conductor comprises a first
portion that 1s in contact with the first via conductor and
disposed immediately above the first via conductor, a
second portion that 1s 1 contact with the second wvia
conductor and disposed immediately below the second
via conductor, and a first line-shaped portion connect-
ing the first portion and the second portion,
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the second in-plane conductor comprises a third portion
that 1s 1n contact with the second via conductor and
disposed immediately above the second via conductor,
a fourth portion that 1s 1n contact with the third via
conductor and disposed immediately below the third
via conductor, and a second line-shaped portion con-
necting the third portion and the fourth portion,

the third in-plane conductor comprises a fifth portion that
1s 1n contact with the fourth via conductor and disposed
immediately below the fourth via conductor, a sixth
portion that 1s 1n contact with the fifth via conductor
and disposed immediately above the fifth via conduc-
tor, and the third line-shaped portion connecting the
fifth portion and the sixth portion,

when viewed 1n a direction perpendicular to the first main
outermost surface of the multilayer body, a line width
of the first line-shaped portion of the first mn-plane
conductor 1s narrower than a line width of the second
line-shaped portion of the second 1n-plane conductor,
and

when viewed in the direction perpendicular to the first
main outermost surface of the multilayer body, a line
width of the third line-shaped portion of the third
in-plane conductor 1s narrower than the line width of
the second line-shaped portion of the second in-plane
conductor.

2. The multilayer wiring board according to claim 1,

wherein a slit that passes through the first in-plane con-
ductor in a thickness direction of the first in-plane
conductor 1s provided in the first in-plane conductor.

3. The multilayer wiring board according to claim 1,

wherein the first wiring layer includes a plurality of the
first 1n-plane conductors; and

the first via conductor and the second via conductor are
connected in parallel by the plurality of first in-plane
conductors.

4. The multilayer wiring board according to claim 1,

wherein a dummy via conductor 1s provided on a surface
of the first in-plane conductor on the opposite side from
the surface of the first in-plane conductor connected to
the first via conductor, 1n a position that overlaps with
the first via conductor when viewed in a direction
perpendicular to the surface of the first in-plane con-
ductor.

5. The multilayer wiring board according to claim 1,

wherein a plurality of the mnsulating layers are provided
between the outer electrode and the first wiring layer;

a thickness of an area between the outer electrode and the
first wiring layer of each of the insulating layers is
smaller than a thickness of other area of each of the
insulating layers; and

the first via conductor comprises a continuous body
constituted of a plurality of via elements, each via
clement passes through a corresponding one of the
insulating layers between the outer electrode and the
first wiring layer.

6. The multilayer wiring board according to claim 5,

wherein some of the plurality of the msulating layers are
provided between the first wiring layer and the second
wiring layer;

a thickness of the area between the first wiring layer and
the second wiring layer of each of the some of the
plurality of the isulating layers 1s smaller than the
other area of each of the insulating layers; and

the second via conductor comprises a continuous body
constituted of a plurality of via elements, each via
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clement passes through a corresponding one of the
insulating layers between the first wiring layer and the
second wiring layer.

7. The multilayer wiring board according to claim 1,

wherein the first via conductor has a lower weight ratio of
additives aside from a metal component than the sec-
ond via conductor.

8. The multilayer wiring board according to claim 5,

wherein 1n the plurality of via elements of the first via
conductor, a weight ratio of additives aside from a
metal component of the via element directly connected
to the outer electrode 1s lower than a weight ratio of
additives aside from a metal component of the other via
clement and the second via conductor.

9. The multilayer wiring board according to claim 1,

wherein a thickness of the first mm-plane conductor 1s
smaller than a thickness of the second in-plane con-
ductor.

10. The multilayer wiring board according to claim 1,

wherein the first via conductor has a tapered shape that
gradually becomes narrower toward the first in-plane
conductor, and the second via conductor has a tapered
shape that gradually becomes narrower toward the first
in-plane conductor.

11. A probe card comprising the multilayer wiring board

according to claim 1.

12. The multilayer wiring board according to claim 2,

wherein the first wiring layer includes a plurality of the
first 1n-plane conductors; and

the first via conductor and the second via conductor are
connected in parallel by the plurality of first in-plane
conductors.

13. The multilayer wiring board according to claim 2,

wherein a dummy via conductor 1s provided on a surface
of the first in-plane conductor on the opposite side from
the surface of the first in-plane conductor connected to
the first via conductor, 1n a position that overlaps with
the first via conductor when viewed in a direction
perpendicular to the surface of the first in-plane con-
ductor.

14. The multilayer wiring board according to claim 3,

wherein a dummy via conductor 1s provided on a surface
of the first in-plane conductor on the opposite side from
the surface of the first in-plane conductor connected to
the first via conductor, 1n a position that overlaps with
the first via conductor when viewed 1n a direction
perpendicular to the surface of the first in-plane con-
ductor.
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15. The multilayer wiring board according to claim 2,

wherein a plurality of the mnsulating layers are provided
between the outer electrode and the first wiring layer;

a thickness of an area between the outer electrode and the
first wiring layer of each of the insulating layers is
smaller than a thickness of other area of each of the
insulating layers; and

the first via conductor comprises a continuous body
constituted of a plurality of via elements, each via
clement passes through a corresponding one of the
insulating layers between the outer electrode and the
first wiring layer.

16. The multilayer wiring board according to claim 3,

wherein a plurality of the insulating layers are provided
between the outer electrode and the first wiring layer;

a thickness of an area between the outer electrode and the
first wiring layer of each of the insulating layers 1s
smaller than a thickness of other area of each of the
insulating layers; and

the first via conductor comprises a continuous body
constituted of a plurality of via elements, each via
clement passes through a corresponding one of the
insulating layers between the outer electrode and the
first wiring layer.

17. The multilayer wiring board according to claim 4,

wherein a plurality of the insulating layers are provided
between the outer electrode and the first wiring layer;

a thickness of an area between the outer electrode and the
first wiring layer of each of the insulating layers 1s
smaller than a thickness of other area of each of the
insulating layers; and

the first via conductor comprises a continuous body
constituted of a plurality of via elements, each via
clement passes through a corresponding one of the
insulating layers between the outer electrode and the
first wiring layer.

18. The multilayer wiring board according to claim 2,

wherein the first via conductor has a lower weight ratio of
additives aside from a metal component than the sec-
ond via conductor.

19. The multilayer wiring board according to claim 3,

wherein the first via conductor has a lower weight ratio of
additives aside from a metal component than the sec-
ond via conductor.

20. The multilayer wiring board according to claim 4,

wherein the first via conductor has a lower weight ratio of
additives aside from a metal component than the sec-
ond via conductor.
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